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Continuous arterio-venous hemodialysis (CAVHD) is an al-
ternative to conventional hemodialysis for treating acute renal
failure in critically ill patients [1, 2]. With this technique, a high
flux dialyzer is connected to the arterial and venous blood
circuit and dialysate is administered counter-current to the
direction of blood flow [1, 2]. In this configuration, both
diffusive clearance and ultrafiltration occur continuously but at
relatively low blood and dialysate flow rates. Since CAVHD
uses the patients' arterial blood pressure to circulate blood
through the extracorporeal circuit, it is often better tolerated
than standard hemodialysis in hemodynamically unstable pa-
tients [1]. Moreover, the large ultrafiltration capacity and diffu-
sive clearances of CAVHD devices potentially permits control
of fluid balance and biochemical manifestations of uremia [21.
A variety of high flux membranes of different composition are
available in both parallel plate and hollow fiber configurations
for use in CAVHD. Whereas the performance of parallel plates
and hollow fiber dialyzers are roughly equivalent when used in
high flow rate hemodialysis [3], dialyzer configuration may
influence clearance during CAVHD. In particular, clearances
could be limited in hollow fiber dialyzers, which have high flow
resistance and consequently, a greater tendency for unstirred
layers and/or flow mismatches between dialysate and blood at
low flow rates [3]. Whether important differences exist between
parallel plates and hollow fiber dialyzers with regard to perfor-
mance in CAVHD is unknown. Thus, to evaluate the role of
dialysis configuration in CAVHD, we performed a crossover
study that sequentially used parallel plates and hollow fiber
artificial kidneys in acute renal failure patients treated with
CAVHD.
Methods
We studied seven critically ill patients with acute renal failure
in intensive care units at Duke University Medical Center from
July 1990 to June 1991. Acute renal failure was diagnosed by
oligo-anuria and rising BUN/creatinine that developed in sub-
jects with a definable insult to the kidney and previously stable
serum creatinine. The causes of acute renal failure were multi-
factorial in all cases. The mean age (± SD) of the patients was
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55.7 10.5 years. Three were male and four were female.
CAVHD was initiated after obtaining informed consent.
A total of 64 independent observations was made in seven
individual patients using eight hollow fiber kidneys [5 Gambro
FH66 (18 observations) and 3 Cobe PAN (7 observations)] and
eight Hospal AN69s parallel plates (39 observations) (CGM
Medical, Inc., Lakewood, Colorado, USA). At least one cross-
over between hollow fiber and parallel plate dialyzer was
performed on all seven patients. Two patients underwent a
second crossover between a hollow fiber dialyzer and parallel
plate. In four subjects, CAVHD was initiated with the Hospal
AN69 parallel plate, whereas in three subjects, CAVHD was
started with either the Gambro FH66 or the Cobe PAN hollow
fiber dialyzers. We obtained serum and dialysate for analysis of
urea nitrogen at the outset, two hours, and approximately 12
hours thereafter. Blood and dialysate urea nitrogen was mea-
sured by autoanalyzer (Beckman auto analyzer, Beckman In-
struments Co., Somerset, New Jersey, USA).
Angioaccess was established in five patients by cannulation
of the femoral artery and vein with an eight French vascath
single lumen catheter (VasCath Inc., Mississauga, Ontario,
Canada) employing the Selenger technique. In one patient,
arterial blood supply was achieved using an arterio-venous
fistula with a 15 gauge x 2.5 cm dialysis needle and in the
remaining patient, vascular access was via a Schribner shunt.
Anticoagulation was achieved by heparinization administrated
through the arterial port. Dialysate, consisting of either 1.5%
Dianealperitoneal dialysis fluid or D5W with 2.8 amps NaHCO3
(140 mEq Na), was infused into the dialysate compartment by a
constant infusion pump at 1 liter per hour. No blood pumps
were used. The rate of ultrafiltration was adjusted to maintain
the extracellular volume status according to the specific re-
quirements of each patient by adjusting the height of the
dialysate bag.
The surface area of the parallel plate was less (0.43 m2) than
those of the hollow fibers, which were 0.60 m2 for the Gambro
FH66 and 0.50 m2 for the Cobe hollow fiber. The membrane of
the parallel plate was made of acrylonitrile sodium methallyl-
sulfonate co-polymer, whereas the membrane of the Gambro
and Cobe hollow fiber dialyzer was made of polyamide and
polacrylonitrile, respectively. All membranes had similar ul-
trafiltration rates under standardized conditions [4]. None of the
membranes was limiting to diffusion of small molecular weight
molecules such as urea [5, 6]. Blood flow resistance was less in
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Table 1. Performance characteristics of parallel plate compared to
hollow fiber dialyzer for continuous arteriovenous hemodialysis in
seven subjects
KD Kod QF C00/C1
(ratio)mi/mm
Parallel plate 17.9 0.6 12.6 0.4 7.2 0.5 0.76 0.03
Hollow fiber
Gambro FH66 8.8 1.0 6.3 0.5 5.6 1.0 0.38 0.03
Cobe PAN 9.2 3.2 7.0 2.1 3.9 1.3 0.41 0.12
Combineda 9.0 12b 6.5 06b 5.0 0•6b 0.39 003b
All values represent mean SEM.
a Represents combination of data derived from treatments with both
hollow fiber dialyzers
b Significantly different from parallel plate at P < 0.05
the parallel plate (16 mm Hg) compared to hollow fiber dialyzer
(30 mm Hg) [5, 6].
To establish the relative efficiency of parallel plates and
hollow fiber dialyzers in CAVHD, we calculated the net ultrafil-
tration rate (QF), diffusive urea clearance (KDd) and total
(convective and diffuse) urea clearance (KD) at various times
during the treatment period with each type of dialyzer as
previously described [2]. Ultrafiltration rate (QF) was derived
by QD0 — QDI' where QD0 is the total dialysate collected
(mllmin) and QDI the dialysate infusion rate (mi/mm). Diffusive
clearance (KDd) was determined as follows: QDI(CDO — CD)/CBI
and total urea clearance (Ku) was defined as KDd + QFCDO/CB,
where CDQ is the dialysate urea concentration drawn from the
dialyzer exit port (mg/dl), CDI is the dialysate urea concentra-
tion drawn from dialyzer entry point (mg/dl), and C1 is the
BUN concentration drawn from dialyzer entry point (mg/dl).
We estimate blood flow (Qb) as follows: [QF X HCTPOST]/
HCTPOST — HCTPREI, where HCTPRE is the hematocrit drawn
from the entry point of the dialyzer and HCTPOST is the
hematocrit drawn from the exit port of the dialyzer.
Data are expressed as mean SENt. We compared differences
between parallel plates and hollow fiber dialyzers by unpaired
t-test [7]. All computations were made on a Northgate 486
computer using Statgraphics software (Statistical Graphics
Corp., Inc., Princeton, New Jersey, USA).
Results
The average period of observation was similar for the parallel
plates (29 4.0 hr) and hollow fiber dialyzers (26 9.2 hr).
Moreover, we observed no differences in performance between
the Cobe PAN and Gambro FH66 hollow fiber dialyzers (Table
1). Consequently, we combined data obtained from these two
types of hollow fiber artificial kidneys (Table 1).
Comparison of performance characteristics of parallel plates
and hollow fiber dialyzers revealed important differences
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Fig. 1. Total urea clearance and BUN
concentrations in 7 patients with acute renal
failure treated with CAVHD using parallel
plates and hollow fiber dialyzers, Values
represent the initial and final values obtained
during treatment with the respective dialyzers.
(A) Total clearance (K0) and (B) blood urea
nitrogen concentration at the beginning (2 hr)
and the end (average 29 hr) of CAVHD
treatment with parallel plates. (C) Total
clearance (KD) and (D) blood urea nitrogen
concentration (BUN) at the outset (2 hr) and
at the completion (average 26 hr) of CAVHD
with hollow fiber dialyzers. During treatment
with parallel plates, K0 was uniformly high
and BUN decreased progressively in all seven
patients. CAVHD with hollow fiber dialyzers
resulted in more variable and lower K0. BUN
increased in three and decreased only slightly
in the remaining four subjects during dialysis
with hollow fiber dialyzers.Timp
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CAVHD with hollow fiber dialyzers (Table 1). Indeed, parallel
plates generated an average total urea clearance that was
twofold greater than that achieved with CAVHD using hollow
fiber dialyzers (KD = 17.9 vs. 9.0 mi/mm, Table 1). The
improved total clearance of parallel plates was due to their
greater diffusive clearance compared to hollow fiber dialyzers
(KDd = 12.6 vs. 6.5 mi/mm, Table 1). The total and diffusive
clearances were similar between the different hollow fiber
dialyzers (KD = 8.8 and 9.2 mllmin and KDd = 6.3 and 7.0
mI/mm for the Gambro HF66 and Cobe hollow fiber dialyzers,
respectively). In addition, dialysis with parallel plates was
C associated with a significantly greater dialysate-to-blood-urea2 concentration ratio than observed with hollow fiber dialysis
(CDOICBI = 0.76 vs. 0.39, Table 1). In contrast, the ultrafiltra-
tion rates were 7.2 mi/mm during therapy with parallel plates
compared to 5.0 mi/mm during dialysis with hollow fiber
artificial kidneys (Table 1). Overall, convective clearances
contributed only 30% to the total urea clearance, whereas
diffusive clearances accounted for 70% of the increase in total
urea clearance observed during treatment with parallel plates.
As a consequence of the greater clearance, adequate control
________________________
of uremia was achieved only during dialysis with parallel plates
(Figs. 1 and 2). Patients treated with parallel plates displayed
constant and adequate urea clearances throughout the period of
observation (Fig. lA). Indeed, treatment with parallel plates
resulted in a progressive decrease in serum BUN concentra-
tions in all seven subjects (Fig. 1B). In contrast, urea clearance
during treatment with hollow fibers was more variable. Two
subjects demonstrated progressive decrements in urea clear-
ances over time, whereas the remaining five subjects displayed
low urea clearances throughout the observation period (Fig.
lC), The average rate of decline in BUN was —1.14 0.27
mg/dl/hr during treatment with parallel plates, whereas during
treatment of these same subjects with hollow fiber dialyzers the
BUN remained essentially unchanged (+0.05 0.21 mg/dllhr;
P = 0.005; Fig. 1D). Overall, the average BUN decreased from
94.6 11.5 to 63.9 8.8 mg/dl (P = 0.002) during treatment
with parallel plates. The BUN concentration remained constant
(70.3 5.9 to 72.8 7.0; P = 0.69) during CAVHD treatment
of the same subjects with hollow fiber dialyzers (Fig. 1D).
w Time-dependent alterations in the ratio of BUN between
dialysate and blood (CDO/CBI), a marker of adequate dialyzer
function, corresponded to the observed changes in clearances
and serum BUN concentrations. All parallel plates maintained
a CDO/CB of greater than 0.6. In contrast, the CDO/CBI during
treatment with hollow fibers was lower and more variable than
that observed with parallel plates. Four patients treated with
Fig. 2. Representative time dependent changes in total clearance (•)
and blood urea nitrogen (."X.) in two subjects treated successively
with parallel plates and hollow fiber dialyzers. (A) Individual determi-
nations from one subject during initial treatment with the parallel plate
dialyzer followed by use of a hollow fiber artificial kidney. (B) The
response of another subject who underwent a double crossover (parallel
Time, hours plate followed by hollow fiber dialysis followed by a second parallel
plate). In all cases, BUN displayed a progressive decline during
treatment with parallel plates. Conversely, following conversion to
hollow fibers BUN displayed a gradual increase. Total clearance was
sustained at high levels throughout treatment with parallel plates but
was consistently low during dialysis with hollow fiber kidneys.
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(Table 1). We found that the average total clearance, diffusive
clearance and net ultrafiltration rate were significantly higher in
subjects during treatment with the parallel plates than during
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hollow fiber dialyzers showed progressive reduction in CDO/CB
that averaged 66% less than the initial value. All seven hollow
fiber dialyzers displayed a CDO/CBI ratio of less than 0.6 by the
end of 24 hours.
Time-dependent changes in serum BUN and total urea clear-
ances displayed an inverse relationship during treatment with
parallel plates which indicates that enhanced clearance is
responsible for the progressive decline in BUN (Fig, 2). In
contrast, total urea clearances were substantially less through-
out treatment with hollow fiber dialyzers and consequently,
progressive decreases in BUN concentrations did not occur
(Fig. 2).
Discussion
Continuous arterio-venous hemoffitration (CAVHD) achieves
high ultrafiltration rates using a low resistance circuit to maintain
adequate blood flow without blood pumping devices [2, 8].
Though the ability to achieve continuous high rates of ultrafiltra-
tion permits adequate control of extracellular volume status,
convective clearance of solutes by ultrafiltration provides only
marginal control of the biochemical manifestations of uremia.
More recently, diffusive clearance of small molecular weight
solute has been accomplished by administering dialysate counter-
current to blood flow [9]. The combination of diffuse and convec-
tive clearances has the potential to control uremia by these slow
continuous methods in catabolic patients with acute renal failure
[9]. Though the performance of different types of dialyzers (par-
allel plate vs. hollow fiber) is comparable in standard hemodialysis
[3], the dialyzer specifications needed to optimize diffusive clear-
ances with slow continuous modes of dialysis may differ from
those required for conventional hemodialysis.
Our study shows that the performance characteristics of
parallel plate dialyzers is superior to that of hollow fiber
dialyzers in CAVHD. Indeed, we observed significantly greater
total urea clearances (KD), 17.9 0.6 versus 9.0 1.2 ml/min
(Table 1), and progressive declines in BUN during treatment
with parallel plates compared to hollow fiber dialyzers (Figs. 1,
2). A greater diffusive clearance (KDd = 12.6 0.4 vs. 6.5 0.6
mI/mm) was the major factor that accounted for 70% of the
enhances urea clearance with parallel plates (Table 1). Consis-
tent with attaining greater urea clearances, all subjects treated
with parallel plates displayed progressive declines in BUN (Fig.
1B). In contrast, the failure to attain adequate clearances with
the hollow fiber dialyzer resulted in variable reductions in BUN
(Fig. ID).
Differences in membrane characteristics and patient hemo-
dynamics are unlikely explanations for the greater diffusion
seen with parallel plates [3—6, 10). Rather, the mechanism(s)
underlying the higher diffusive clearances in parallel plates
compared to hollow fiber dialyzers is likely due to differences in
configuration or geometry between these artificial kidneys. In
this context, the low flow resistance inherent to parallel plate
configurations might favor diffusion of small molecular weight
solutes by limiting unstirred layers and/or minimizing flow
mismatches between dialysate and blood [31 at low flow rates
inherent to CAVHD. Conversely, the tightly packed geometry
of hollow fibers may result in a higher resistance to flow and a
greater propensity to develop flow maldistribution and channel-
ing of blood and dialysate [3]. Thus, our failure to attain
adequate dialysis using hollow fiber artificial kidneys may have
resulted from blood and/or dialysate stagnation and/or dialy-
sate/blood mismatches. A more detailed analysis of flow distri-
bution and clotting of individual channels, however, will be
needed to determine if this thesis is correct. Moreover, our
study was limited to only two types of hollow fiber dialyzers.
Consequently, we cannot exclude the possibility that other
hollow fiber kidneys, particularly a smaller dialyzer, would
provide more efficient clearances but at the expense of possibly
limiting surface area for diffusion.
In any event, our observations establish that CAVHD treat-
ment with parallel plates results in greater diffusive clearances
of small molecular weight molecules compared to hollow fiber
dialyzers. Though the mechanism of this enhanced diffusion
remains to be defined, parallel plates appear to offer significant
advantages over hollow fiber artificial kidneys of comparable
membrane surface area when using continuous arterio-venous
hemodialysis to treat seriously ill patients with acute renal
failure.
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